Background Metastatic pulmonary calcification, a complication of uraemia and disordered calcium metabolism, may be diffuse or localised. The factors that determine calcium precipitation are complex, but tissue alkalosis is thought to be important. As obstruction of the pulmonary artery theoretically causes local alkalosis a retrospective necropsy study was carried out to examine the relation between metastatic pulmonary calcification and vascular obstruction. Methods Five patients with focal and two with diffuse metastatic calcification in the lungs were identified over eight years. Lungs were studied macroscopically and by light microscopy, haematoxylin and eosin and histochemical stains being used for calcium. Results Underlying risk factors for calcification in these patients included renal failure in six and disseminated malignancy in five. In the five patients with localised calcification obstruction of the pulmonary artery by thrombus or tumour was found proximal or adjacent to areas of calcium deposition. In two patients metastatic calcification was confined to a lung with unilateral pulmonary artery thromboembolic occlusion. Calcification was not specifically associated with infarction, pneumonia, or diffuse alveolar damage. Lesions of the pulmonary artery were not seen in the two patients with diffuse bilateral metastatic calcification. Conclusion In this small series there was a spatial association between pulmonary
Metastatic calcification is an important complication of disordered calcium metabolism due to chronic renal failure, destructive bone disease, hyperparathyroidism, hypervitaminosis D, or the therapeutic administration of phosphate and corticosteroids." Organs concerned with acid-base regulation, such as the lungs, kidneys, and stomach, are frequent sites of calcinosis. ' The mechanism of deposition of calcium salts is complex and is thought to be related to tissue pH and, variably, to an increase in the calciumphosphorus ion product. 24 Metastatic pulmonary calcification, in which calcium salts encrust alveolar septa and blood vessels, may be diffuse or focal.5 Sporadic reports of localised pulmonary calcification have suggested that ventilation-perfusion (V-&.) mismatching, resulting in an increased V:Q ratio, favours precipitation of calcium salts.67 In this report we describe a series of patients with unilateral or multifocal metastatic pulmonary calcification affecting lung parenchyma distal to obstructed pulmonary arteries. Our findings support the idea that V-( abnormalities, presumably by altering tissue pH, contribute to metastatic calcification in the lung.
Methods
We were stimulated to review cases of metastatic pulmonary calcification by finding at necropsy two patients (Nos 1 and 2) who had metastatic calcification in lungs with unilateral thromboembolic occlusion of proximal pulmonary arteries. We reviewed all cases in adults having a postmortem examination at our hospital from 1982 to 1990. By reviewing necropsy reports and the notes of one of the authors (JFT) we identified seven patients-the subjects of this report-with metastatic pulmonary calcification, which is defined as the linear deposition of basophilic calcium salts on previously normal alveolar septa or blood vessel walls. Metastatic calcification is morphologically distinguished from dystrophic calcification, in which coarse, granular precipitates of calcium are deposited within inflammatory exudate, fibrin, fibrous tissue, or necrotic lung or tumour.4
PATHOLOGICAL EXAMINATION
Lungs were examined at the time ofnecropsy in a standard fashion. One lung was expanded with 10% neutral buffered formalin, instilled through the main bronchus at about 30-50 cm H20, and fixed for at least 24 hours. The lung was then sectioned in the coronal plane into slices 1 cm thick. The contralateral lung was sliced sagitally and examined while fresh. Representative tissue samples were embedded in paraffin, cut into sections 5-10 gm thick and stained with haematoxylin and eosin. In most cases calcification was verified with Alizarin red or Von Kossa stains (or both). Special consideration was given to the relation between parenchymal calcification and pulmonary I exclusively in regions of lung in which branches of the pulmonary artery were obstructed by thrombus or tumour. In patients 1 and 2 metastatic calcification was seen only in one lung distal to thromboembolic occlusion of the main and lobar pulmonary arteries (fig 1) . In patient 4 a macroscopically segmental distribution of calcification in the right lower lobe was associated with vascular invasion by microscopic tumour (fig 2) . Review ofphotographs of the gross appearance in this case suggested occlusion of the proximal segmental artery by tumour (fig 2) . In patient 3, who had essential thrombocythaemia, multifocal lobular zones of calcification were associated with thromboemboli in subsegmental branches of the pulmonary artery.
Review of the histological appearances in patient 5 showed minimally obstructive organising arterial thrombi or vascular invasion by tumour in parabronchial vessels of lung lobes that also showed lobular parenchymal foci of metastatic calcification. In this case we could not confirm that the obstructed vessels supplied the lung segments that contained the calcified zones. Thromboemboli in all patients were undergoing organisation and were at least one to two weeks' old. Although lung infarcts were seen in patients 1, 2, and 4, metastatic calcification was present in non-infarcted parenchyma in all three patients (fig 1) . Dystrophic calcification was also present in organising thrombi or necrotic tumour in four patients (patients 1, 2, 4, 5). No pulmonary artery obstruction was found in patients 6 and 7, both of whom had diffuse and bilateral pulmonary metastatic calcification.
Discussion
Soft tissue calcification is divided into metastatic calcification, in which calcium salts are deposited in previously normal tissue, and dystrophic calcification, in which calcification occurs at pathologically altered sites.4 Metastatic pulmonary calcification, as this study shows, is distributed diffusely or localised.57 [10] [11] [12] [13] [14] The factors that govern the tissue deposition of calcium include systemic derangement of calcium homeostasis and local environmental conditions within the target organs. In this study focal pulmonary metastatic calcification tended to be associated with obstruction of pulmonary arteries. We suggest that changes in the alveolar microenvironment secondary to an altered pulmonary circulation contribute to precipitation of calcium within the lung.
The main conditions that predispose to metastatic calcification include destructive (non-metabolic) bone disease, uraemia, primary hyperparathyroidism, and vitamin D intoxication.'2 Metastatic calcification occurs most commonly in patients with renal failure, of whom 50-80% have soft tissue calcification at necropsy.l"°Five of our patients had disseminated malignancy with bone metastases and six had renal failure.
In renal failure calcium and phosphate are leached from bone as a consequence of the acidosis. Failure of the kidney to hydroxylate 25-hydroxycholecalciferol and decreased ab- sorption of calcium from the gastrointestinal tract lead to a negative calcium balance, which stimulates secretion of parathormone and release of calcium phosphate from bone. Under these conditions, when the glomerular filtration rate is low the serum phosphate concentration rises.'0 Metastatic soft tissue calcification may occur in both dialysed and non-dialysed patients, but may be accentuated after haemodialysis.23 156 Malignant bone lesions can also give rise to metastatic calcification. In nine of 14 patients studied by Kaltreider et Serum calcium and phosphate were increased in five of our patients. The two patients with generalised pulmonary calcification had higher serum calcium concentrations and more widespread extrapulmonary calcification than did the patients with focally distributed calcification. Raised serum calcium and phosphate concentrations, leading to a calcium-phosphate ion product greater than 70, are thought to be important in soft tissue calcium precipitation,2 though several studies have shown no correlation between metastatic calcification and the calcium-phosphate ion product.315 Only three of our patients had a calcium-phosphate ion product greater than 70.
In the setting of an abnormal calcium balance the visceral chemical microenvironment influences the tissue precipitation of calcium. The stomach, kidneys, lungs, and heart are the organs affected most commonly. Organs concerned with hydrogen ion production or excretion are thought to be particularly susceptible to calcification owing to the relative tissue alkalosis that accompanies cellular metabolism at these sites.212 Postdialysis alkalosis is thought to enhance the formation of metastatic calcification in uraemic patients in a similar way.315 6 Shear and Kramer showed that the critical calcium-phosphate ion product for precipitation is raised as the pH is lowered. '7 The primary target ofmetastatic calcification is the lung;"' this occurred in 75% of Mulligan's cases and in all the patients studied by Kaltreider and 
